Apparent cooperativity for carbamoylphosphate in Escherichia coli aspartate transcarbamoylase only reflects cooperativity for aspartate.
The reaction catalyzed by Escherichia coli aspartate transcarbamoylase (ATCase) proceeds through an ordered mechanism, in which carbamoylphosphate binds first, followed by aspartate; upon binding of this second substrate, the enzyme undergoes a concerted transition from a low-affinity T state to a high-affinity R state. In various studies, conflicting results were obtained concerning the existence of positive cooperativity for the first substrate, carbamoylphosphate. It is shown here that cooperativity for this substrate is only apparent. Indeed, saturation curves for carbamoylphosphate display sigmoidicity only if the aspartate concentration used is high enough to shift ATCase into the R state. Furthermore, it is shown that succinate, an unreactive aspartate analogue which is able to promote the T-->R conformational transition, also induces the appearance of cooperativity for carbamoylphosphate. Similar results were obtained in the course of continuous-flow-dialysis experiments, which show that the binding of carbamoylphosphate is apparently cooperative only in the presence of a concentration of succinate high enough to shift the enzyme into the R state. Taken together, these data show that the apparent cooperativity for carbamoylphosphate is not an intrinsic property of ATCase, as it only reflects the cooperativity for the second substrate, aspartate, as a consequence of the process of ordered substrate binding.